Introduction
============

In an epidemiologic study by Hu et al,[@JR1400152-1] traumatic injuries to the thoracolumbar region comprised some 75% of total spinal skeletal injuries. Notably, a large portion of these thoracolumbar injuries specifically comprises the thoracolumbar junction (T10--L2). From a biomechanical perspective, the transfer of axially directly kinetic energy from a mobile lumbar spine to a stiff thoracic spine leads to a high incidence of injuries at this junction.[@JR1400152-2] [@JR1400152-3] Despite the propensity for fractures in this region, controversy continues to surround the treatment principles for these fractures.[@JR1400152-4] [@JR1400152-5] [@JR1400152-6] [@JR1400152-7]

Open operative stabilization with pedicle instrumentation remains a familiar, prevalent treatment for thoracolumbar burst fracture. Denis et al recommended open prophylactic stabilization in thoracolumbar burst fractures even in the absence of neurologic deficit.[@JR1400152-4] The posterior open approach is considered appropriate for neurologically intact patients with burst fractures and posterior ligamentous complex injuries. The use of an open posterior approach for pedicle screw instrumentation and reduction of thoracolumbar fractures has shown good radiologic and clinical outcomes.[@JR1400152-8] [@JR1400152-9] [@JR1400152-10]

With the advent of minimally invasive spine surgery, studies have evaluated the percutaneous approach versus the open approach for stabilization of thoracolumbar fractures. In a randomized controlled trial, Jiang et al found lower pain and better function in the percutaneous cohort.[@JR1400152-11] The minimally invasive surgery (MIS) approach to pedicle screw instrumentation of thoracolumbar fractures minimizes soft tissue injury, reduces intraoperative blood loss, and results in better postoperative pain scores than other approaches.[@JR1400152-5] [@JR1400152-11] [@JR1400152-12] [@JR1400152-13] [@JR1400152-14] [@JR1400152-15]

To our knowledge, no systematic review or meta-analysis has evaluated comparative studies of the open versus percutaneous approach for thoracolumbar trauma. The primary goal of this study was to perform a meta-analysis to compare the clinical outcomes, blood loss, pain scores, and radiographic outcome scores defined by vertebral body height (VBH) and kyphosis deformity between the open and percutaneous transpedicular instrumentation and stabilization of thoracolumbar fractures.

Materials and Methods
=====================

Inclusion/Exclusion Criteria and Review Procedure
-------------------------------------------------

A systematic computerized Medline literature search was performed using PubMed, Cochrane Database of Systematic Reviews, and EMBASE. The electronic databases were searched for publication dates from January 1980 to June 2014. The searches were performed from Medical Subject Headings (MeSH) used by the National Library of Medicine. Specifically, MeSH terms "thoracolumbar trauma," "thoracolumbar fracture," "pedicle screw," and "percutaneous pedicle screw" were used. The inclusion criteria in the meta-analysis included prospective randomized control trials or prospective/retrospective cohort studies, adult patients, thoracolumbar spine trauma, fixation with pedicle screws, a minimum of 6 months of follow-up, reported clinical outcomes, and a minimum of 10 patients for a given study.

Two independent authors reviewed abstracts of each article to determine which articles to include in the study. The authors jointly reviewed the full text of the articles meeting the inclusion criteria based on the abstract to determine agreement on the inclusion of the studies. In case of a discrepancy, a third author participated in the discussion until a consensus was reached.

Data Extraction
---------------

A meta-analysis database was created from the included studies with the following categories: (1) study ID to include author, journal, and year of publication; (2) reference; (3) study type and level of evidence; (4) study inclusion/exclusion criteria; (5) number of patients; (6) male-to-female ratio; (7) patient age; (8) length of follow-up; (9) open or percutaneous pedicle screw placement; (10) visual analog score (VAS) for pain; (11) average blood loss; (12) average length of surgery; (13) local kyphosis angle; (14) VBH.

Methodological Quality Assessment
---------------------------------

Methodological quality assessment was accomplished using the Downs and Black checklist.[@JR1400152-16] The total cumulative score is comprised of a profile that measures quality of reporting, internal validity, and external validity. According to Downs and Black,[@JR1400152-16] the performance results of the checklist showed a high internal consistency (Kuder-Richardson Formula 20 = 0.89) and test--retest (*r* = 0.88) and interrater (*r* = 0.75) reliability. Specifically, the checklist consists of 27 items for which a "yes" answer is scored 1 and "no" or "unable to determine" answer is scored 0.

Meta-Analysis
-------------

The results were pooled by calculating the effect size based on the standardized difference in means using Comprehensive Meta Analysis, version 2.2.050 (Biostat, Englewood, New Jersey, United States). The studies were weighted in the meta-analysis by the inverse of the variance, which included both within- and between-study error. The effect size and confidence intervals were reported using Forest plots ([Figs. 1](#FI1400152-1){ref-type="fig"} [2](#FI1400152-2){ref-type="fig"} [3](#FI1400152-3){ref-type="fig"} [4](#FI1400152-4){ref-type="fig"} to [5](#FI1400152-5){ref-type="fig"}). Confidence intervals were reported at 95% levels. Comparison between groups was performed using the *Z* distribution and a *t* test. A *p* value of 0.05 was set for significance. Heterogeneity was assessed using the *Q* statistic and *I* ^2^, where *I* ^2^ is the estimate of the percentage of error due to between-study variation. *I* ^2^ values below 25% generally indicate "excellent" consistency of results and homogeneous studies, and studies below 50% are described as "moderate" homogeneity according to Downs and Black.[@JR1400152-16] A priori we selected a random-effects model.
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Sensitivity analysis was performed by varying the assumptions used in the meta-analysis and by single elimination of the studies. Funnel plots of effect size versus standard error were assessed by visual inspection to determine publication bias.

Results
=======

Systematic Review
-----------------

The initial PubMed, Cochrane Review, and EMBASE search resulted in 44 articles.[@JR1400152-5] [@JR1400152-7] [@JR1400152-11] [@JR1400152-12] [@JR1400152-13] [@JR1400152-14] [@JR1400152-15] [@JR1400152-17] [@JR1400152-18] [@JR1400152-19] [@JR1400152-20] [@JR1400152-21] [@JR1400152-22] [@JR1400152-23] [@JR1400152-24] [@JR1400152-25] [@JR1400152-26] [@JR1400152-27] [@JR1400152-28] [@JR1400152-29] [@JR1400152-30] [@JR1400152-31] [@JR1400152-32] [@JR1400152-33] [@JR1400152-34] [@JR1400152-35] [@JR1400152-36] [@JR1400152-37] [@JR1400152-38] [@JR1400152-39] [@JR1400152-40] [@JR1400152-41] [@JR1400152-42] [@JR1400152-43] [@JR1400152-44] [@JR1400152-45] [@JR1400152-46] [@JR1400152-47] [@JR1400152-48] [@JR1400152-49] [@JR1400152-50] [@JR1400152-51] [@JR1400152-52] [@JR1400152-53] [@JR1400152-54] After two-reviewer assessments, 26 articles were eliminated after abstract review.[@JR1400152-18] [@JR1400152-19] [@JR1400152-20] [@JR1400152-21] [@JR1400152-22] [@JR1400152-25] [@JR1400152-27] [@JR1400152-28] [@JR1400152-29] [@JR1400152-30] [@JR1400152-32] [@JR1400152-34] [@JR1400152-37] [@JR1400152-38] [@JR1400152-39] [@JR1400152-41] [@JR1400152-42] [@JR1400152-44] [@JR1400152-45] [@JR1400152-46] [@JR1400152-47] [@JR1400152-51] [@JR1400152-52] [@JR1400152-53] [@JR1400152-54] Twelve additional studies were eliminated based on the inclusion criteria of the systematic review.[@JR1400152-17] [@JR1400152-23] [@JR1400152-24] [@JR1400152-26] [@JR1400152-31] [@JR1400152-33] [@JR1400152-35] [@JR1400152-36] [@JR1400152-40] [@JR1400152-43] [@JR1400152-47] [@JR1400152-50] Six studies were identified as meeting all of inclusion requirements.[@JR1400152-5] [@JR1400152-11] [@JR1400152-12] [@JR1400152-13] [@JR1400152-14] [@JR1400152-15] Descriptive information for each of the included studies is given in [Tables 1](#TB1400152-1){ref-type="table"} and [2](#TB1400152-2){ref-type="table"}.

###### Summary of the demographic information for studies included in the meta-analysis

  Study                                 Level of evidence   No. of patients   Age (y)            Duration of follow-up (mo)   Fracture type                                             Neurologic deficit   Fusion   Operative fixation
  ------------------------------------- ------------------- ----------------- ------------------ ---------------------------- --------------------------------------------------------- -------------------- -------- ------------------------------------------------------------------------------------
  Vanek et al 2014[@JR1400152-13]       II                  A: 18; B:17       A: 39.4; B: 45.6   24                           Thoracolumbar AO A3.1--A3.3                               No                   No       A: open short-segment pedicle screw; B: MIS short-segment pedicle screw
  Wang et al 2014[@JR1400152-14]        III                 A: 22; B: 39      A: 46; B: 41.3     A: 22.6; B: 21.7             Thoracolumbar AO type A                                   No                   No       A: open short-segment 4 pedicle screws; B: MIS short-segment 4 or 6 pedicle screws
  Dong et al 2013[@JR1400152-15]        III                 A: 17; B: 21      A: 36.3; B: 36.3   17.3                         Thoracolumbar AO type A, B1.2, or B2.3                    No                   No       A: open short-segment pedicle screw; B: MIS short-segment pedicle screw
  Lee et al 2013[@JR1400152-5]          III                 A: 32; B: 27      A: 36.3; B: 36.3   A: 30.2; B: 39.7             Single-level thoracolumbar (T11--T12)                     No                   No       A: open short-segment pedicle screw; B: MIS short-segment pedicle screw
  Grossbach et al 2013[@JR1400152-12]   III                 A: 11; B: 27      A: 40.1; B: 27.4   A: 9; B: 18.5                Thoracolumbar flexion-distraction (AO B1.2 most common)   No                   No       A: open short-segment pedicle screw; B: MIS short-segment pedicle screw
  Jiang et al 2012[@JR1400152-11]       I                   A: 31; B: 30      A: 42.4; B: 42.4   59                           Single-level thoracolumbar (T11--L2)                      No                   No       A: open short-segment pedicle screw; B: MIS short-segment pedicle screw

Abbreviations: A, group A, open pedicle screw placement; B, group B, percutaneous pedicle screw placement; MIS, minimally invasive surgery.

###### Summary of the statistics from the included studies

  Study                                 Postoperative VBH                  Postoperative kyphosis angle      Postoperative VAS                Postoperative blood loss (mL)     Operative time (min)
  ------------------------------------- ---------------------------------- --------------------------------- -------------------------------- --------------------------------- ---------------------------------
  Vanek et al 2014[@JR1400152-13]       A: 82 ± 3; B: 80 ± 3.99            A: 4.2 ± 4.8; B: 2 ± 4.75         A: 1.2 ± 0.3; B: 1.75 ± 0.25     A: 56 ± 17; B: 331 ± 141          A: 53 ± 10; B: 60 ± 9
  Wang et al 2014[@JR1400152-14]        A: 88 ± 9.4; B: 88.6 ± 10.7        A: 6.2 ± 6.2; B: 2.3 ± 7.7        A: 0.7 ± 0.6; B: 1.1 ± 0.7       A: 49.3 ± 34; B: 311.5 ± 246.5    A: 98.4 ± 35.9; B: 140.3 ± 76.8
  Dong et al 2013[@JR1400152-15]        A: 92.7 ± 9.3; B: 93.5 ± 9.3       A: 3.8 ± 4.9; B: 5.9 ± 6.1        A: 0.33 ± 0.49; B: 0.43 ± 0.60   A: 18.3 ± 4.9; B: 27.6 ± 7.5      A: 51.7 ± 11.2; B: 49.1 ± 7.5
  Lee et al 2013[@JR1400152-5]          A: 91.2 ± 3.4; B: 89.6 ± 3.1       A: 6.2 ± 5.1; B: 6.5 ± 3.9        A: 1.7 ± 1.1; B: 1.9 ± 1.7       A: 262.5 ± 34; B: 684.3 ± 239.9   A: 83.2 ± 26.1; B: 154.9 ± 39.2
  Grossbach et al 2013[@JR1400152-12]   --                                 A: 1.45 ± 7.98; B: 6.26 ± 8.48    --                               A: 93.6 ± 66.2; B: 498 ± 415      A: 195 ± 42; B: 257 ± 101
  Jiang et al 2012[@JR1400152-11]       A: 84.23 ± 9.47; B: 96.36 ± 7.48   A: −0.39 ± 2.7; B: −9.25 ± 6.15   A: 0.65 ± 0.15; B: 0.35 ± 0.13   A: 79 ± 40.4; B: 145 ± 60.7       A: 79.7 ± 12.7; B: 89.8 ± 16.1

Abbreviations: A, group A, open pedicle screw placement; B, group B, percutaneous pedicle screw placement; VAS, visual analog scale; VBH, vertebral body height.

Five studies reported postoperative VAS scores.[@JR1400152-5] [@JR1400152-11] [@JR1400152-13] [@JR1400152-14] [@JR1400152-15] Similarly, five studies reported postoperative VBH.[@JR1400152-5] [@JR1400152-11] [@JR1400152-13] [@JR1400152-14] [@JR1400152-15] Six studies reported information on operative time, blood loss, and postoperative kyphosis angle.[@JR1400152-5] [@JR1400152-11] [@JR1400152-12] [@JR1400152-13] [@JR1400152-14] [@JR1400152-15]

Summary of Investigations
-------------------------

Wang et al retrospectively reviewed 100 patients who were treated with open or percutaneous pedicle screws after a thoracolumbar fracture.[@JR1400152-14] All fractures were Arbeitsgemeinschaft für Osteosynthesefragen (AO) type A fractures, and no patient had a neurologic deficit. Patients underwent either short-segment open pedicle instrumentation or MIS short-segment pedicle fixation with four or six screws. A fusion was not performed. Postsurgical improvement in the clinical outcomes was seen in terms of blood loss, operation time, postoperative hospital stay, and VAS scores (*p* \< 0.05) in favor of the MIS group. Radiographically, postoperative sagittal Cobb\'s angle, vertebral body angle, and anterior VBH were similar between all treatment arms. In the open group, one patient had poor wound healing and one patient had a loose screw. In the four pedicle screw MIS group, pedicle screws broke in two patient, likely related to heavy activity.

Lee et al retrospectively found that postsurgical correction loss revealed no significant difference between MIS or the open group at final follow-up.[@JR1400152-5] All patients had single-level thoracolumbar fractures at T11--T12 without neurologic deficit. All patients underwent either open or MIS short-segment pedicle fixation without fusion. However, clinically, the authors observed a significant decrease in intraoperative blood loss and operation time in the MIS group. VAS outcomes became similar to those of the open group at final follow-up. One screw-rod failure with nonunion and two postoperative infections developed in the open surgery group. One case of screw pullout was observed in the percutaneous group, which was treated conservatively.

Vanek et al looked at 37 patients treated with either percutaneous or open posterior short-segment pedicle screw fixation without fusion.[@JR1400152-13] All patients were thoracolumbar AO type A3.1 to A3.3 without neurologic deficit. The authors found a significant decrease in mean surgical duration and mean perioperative blood loss in the MIS group. The VAS scores were also significantly lower in the first 7 postoperative days in the MIS group (*p* \< 0.001). Notably, there were no significant differences between the groups in vertebral body index and Cobb\'s angle during follow-up. A comparison between those patients in whom pedicle screws were placed too medially on postoperative imaging showed no significant difference between groups (2 of 72 in the minimally invasive treatment group versus 5 of 68 in the control group; *p* = 0.265).

Grossbach et al, in a study evaluating 38 patients with flexion-distraction injuries (AO B1.2 was the most common), found no significant differences in the degree of kyphotic angulation between the MIS and open surgery groups.[@JR1400152-12] All patients underwent short-segment open or MIS pedicle fixation without fusion. The authors noted a significant decrease in perioperative blood loss in the MIS group compared with the open surgery group. In the open group, one patient developed a surgical site infection. One patient in each group (open and MIS) required revision for misplaced pedicle screws. Two patients in the MIS group underwent removal of hardware after their injuries were healed.

Dong et al evaluated 39 patients with thoracolumbar AO type A, B1.2, or B2.3 vertebral fractures without neurologic deficit.[@JR1400152-15] All patients underwent open or MIS short-segment pedicle fixation without fusion. The MIS group showed a significantly lower intraoperative blood loss and less severe postsurgical pain. No significant difference was observed in the operating time, postoperative relative vertebral height (*p* = 0.668), and regional kyphotic angle (*p* = 0.235) in the immediate postoperative and final follow-up period.

Jiang et al noted significantly less intraoperative blood loss and a shorter duration of surgery and hospitalization in the MIS group.[@JR1400152-11] All patients in this study sustained a fracture at T11--T12 without neurologic deficit. All patients underwent either open or MIS short-segment pedicle fixation without fusion. At final follow-up, both groups had similar VAS scores (*p* \> 0.05). Open surgery produced a significantly better correction of kyphosis (local kyphosis angle, LKA) and restoration of VBH compared with the percutaneous approach at final follow-up (each *p* \< 0.001). There were no instances of hardware failure before instrument removal in either group. Grade II screw misplacement was observed in 6/124 (4.8%) pedicle screws in the percutaneous group and 4/120 (3.3%) in the paraspinal group.

Quality Assessment of Included Studies
--------------------------------------

The quality index score of our six studies ranged from 14 to 18. We calculated an average score of 16.6 and a standard deviation of 1.5. We defined a higher-quality study as a score of 16 to 18, a moderate-quality study as a score of 13 to 15, and a poorer-quality study as a score of 8 to 12. There were five higher-quality studies and one moderate-quality study.

Meta-Analysis Results
---------------------

### Vertebral Body Height

Five studies reported the means and standard deviations for VBH. The point estimate for the effect size was −0.107, which was in favor of the percutaneous group, though not statistically significant (*p* = 0.773; [Table 3](#TB1400152-3){ref-type="table"}; [Fig. 1](#FI1400152-1){ref-type="fig"}). There was perfect homogeneity among the studies for the assessment of VBH with a *Q* value of 3.767 and *I* ^2^ value of 0 ([Table 3](#TB1400152-3){ref-type="table"}).

###### Summary of the calculated effect sizes based on the standardized difference in means and assessment of study heterogeneity

                           Hedges\' g effect size   95% confidence intervals                               
  ---------------- ------- ------------------------ -------------------------- -------- ---------- ------- --------
  VBH              5.000   −0.107                   −0.832                     0.618    0.773      3.767   0
  Kyphosis angle   6.000   0.335                    −0.376                     1.045    0.356      5.242   4.616
  VAS              5.000   −0.142                   −1.325                     1.041    0.814      4.781   16.337
  Blood loss       6.000   −1.673                   −2.175                     −1.171   \<0.0001   5.695   12.206
  Operative time   6.000   −0.782                   −1.383                     −0.181   0.011      5.554   9.975

Abbreviations: VAS, visual analog scale; VBH, vertebral body height.

### Kyphosis Angle

Six studies reported the postoperative kyphosis angles after pedicle screw fixation. The point estimate for the effect size was 0.335, in favor of the open group ([Table 3](#TB1400152-3){ref-type="table"}; [Fig. 2](#FI1400152-2){ref-type="fig"}); however, this difference was not statistically significant (*p* = 0.356). There was minimal heterogeneity among the studies with a *Q* value of 5.242 and *I* ^2^ value of 4.616 ([Table 3](#TB1400152-3){ref-type="table"}).

### VAS

Five studies reported the postoperative VAS scores. The point estimate for the effect size was −0.142, in favor of the percutaneous group ([Table 3](#TB1400152-3){ref-type="table"}; [Fig. 3](#FI1400152-3){ref-type="fig"}). The difference between the two groups was not statistically significant (*p* = 0.814). There was minimal heterogeneity among the studies with a *Q* value of 4.781 and *I* ^2^ value of 16.337 ([Table 3](#TB1400152-3){ref-type="table"}).

### Blood Loss

Six studies reported the intraoperative blood loss. The point estimate for the effect size was −1.673 in favor of the percutaneous group, which was statistically significant (*p* \< 0.0001; [Table 3](#TB1400152-3){ref-type="table"}; [Fig. 4](#FI1400152-4){ref-type="fig"}). There was minimal heterogeneity among the studies with a *Q* value of 5.695 and *I* ^2^ value of 12.206 ([Table 3](#TB1400152-3){ref-type="table"}).

### Operative Time

Six studies reported the operative time. The point estimate for the effect size was −0.782 in favor of the percutaneous group, which was statistically significant (*p* = 0.011; [Table 3](#TB1400152-3){ref-type="table"}; [Fig. 5](#FI1400152-5){ref-type="fig"}). There was minimal heterogeneity among the studies with a *Q* value of 5.554 and *I* ^2^ value of 9.975 ([Table 3](#TB1400152-3){ref-type="table"}).

Sensitivity Analysis and Publication Bias
-----------------------------------------

Single elimination of each study did not impact the overall results of the analysis for any of the five variables of interest. The percutaneous group maintained a statistically significant difference with respect to blood loss and operative time when compared with the open group. There was no statistical difference between the two groups for kyphosis angle, VBH, or VAS scores.

The funnel plats were symmetric about the mean effect for clinical success indicating an absence of publication bias within the studies.

Discussion
==========

The operative treatment of thoracolumbar fractures requires a choice by the treating physician as to the optimal approach and means of fixation. Alvine et al and Esses et al both demonstrated good clinical and radiologic outcomes following the open instrumentation of thoracolumbar fractures.[@JR1400152-8] [@JR1400152-9] Advocates of the percutaneous technique cite decreased operative time, decreased blood loss, and decreased disruption of the already traumatized soft tissues. Conversely, opponents of the MIS technique cite the long surgeon learning curve and the possibility of inadequate restoration of VBH and local kyphosis.

The use of meta-analyses allows for the pooling of data from multiple studies to evaluate whether there is a significant effect and if so, the magnitude of the effect. Furthermore, the meta-analysis allows for the assessment of the heterogeneity, or variability within the studies, which further validates the effect size. In this study, we selected a random-effects model a priori. Unlike a fixed-effect model, the random-effects model allows that the true effect may vary from study to study.

When assessing the five variables of interest in our model, only blood loss and operative time were found to be significantly different among the two groups ([Figs. 4](#FI1400152-4){ref-type="fig"} and [5](#FI1400152-5){ref-type="fig"}). There were no significant differences between the two approaches in regards to restoration of VBH, local kyphosis angle, and postoperative VAS scores ([Figs. 1](#FI1400152-1){ref-type="fig"} [2](#FI1400152-2){ref-type="fig"} [3](#FI1400152-3){ref-type="fig"}). These results indicate that at a minimum, percutaneous fixation of thoracolumbar fractures results in equivalent biomechanics and clinical outcomes as the open group. In fact, Jiang et al showed no difference in the loss of VBH height correction at the latest follow-up between the two groups.[@JR1400152-11] Similarly, Lee et al showed a loss of 3.1 degrees in the percutaneous group versus 3.5 degrees in the open group for local kyphosis angle.[@JR1400152-5] Dong et al concluded that the percutaneous and open techniques did not result in significant differences in the curative effect or radiologic measurement data and that both approaches achieve a good curative effect.[@JR1400152-15]

Lee et al, Vanek et al, and Dong et al all noted a significant difference in the immediate postoperative period in the VAS scores between the percutaneous and open groups, with significantly lower VAS scores noted in the percutaneous group.[@JR1400152-5] [@JR1400152-13] [@JR1400152-15] These scores tended to normalize around 6 months, with no differences in any study at the time of latest follow-up. The authors concluded that the early results are likely the result of early recovery of back muscle pain and function in the percutaneous group and that the extent of paraspinal muscle dissection continues to define the early clinical outcomes between the two groups. In a separate study, Kim et al reported percutaneous fixation caused less paraspinal muscle injury than did open fixation.[@JR1400152-55] The extent of paraspinal muscle injury was positively correlated with postoperative back muscle performance.

With the exception of Dong et al,[@JR1400152-15] every study demonstrated a significant decrease in operative time in the percutaneous group. Rahamimov et al and Smith et al reported that percutaneous pedicle screw placement in thoracolumbar burst fractures was a more time-consuming and technically demanding procedure.[@JR1400152-41] [@JR1400152-56] Although the results of our meta-analysis are unable to comment on the technical challenges faced during percutaneous pedicle screw placement, the results indicate that percutaneous pedicle screws require less operative time. The meta-analysis, however, is not powered to model any potential impact of an initial surgeon learning curve. Knox et al, Patel et al, and Park et al all commented on the challenges faced in the initial cases performed by a surgeon.[@JR1400152-57] [@JR1400152-58] [@JR1400152-59] The authors report an increased incidence of complications caused by screw misplacement, facet joint violations, and subsequent need for additional operative procedures.

In assessing the variability inherent among the studies, we found almost perfect homogeneity for all five of the variables. It can be assumed that the results reported for each study are consistent and likely represent the true effect. Furthermore, the results of this meta-analysis are validated through the performance of the sensitivity analysis. Single elimination of studies did not change the validity of the model for any variable.

Limitations are inherent with all meta-analyses, including the heterogeneity of the included studies, missed studies within our search, and unknown biases within the primary studies. A random-effects model was selected to control for some of the inherent heterogeneity among the studies; however, there was variability in the number of involved levels among cases, unspecified fracture types in many studies, and length of fixation constructs, and not all of the studies were stratified based on the number of levels treated. Furthermore, the use of surgical adjuncts, notably vertebroplasty or kyphoplasty, was poorly defined in the studies and could represent a potential confounder when discussing postoperative biomechanics stability.

Conclusion
==========

Patients with thoracolumbar fractures can be effectively managed with percutaneous or open pedicle screw placement. There are no differences in VBH, kyphosis angle, or postoperative midterm VAS between the two groups. Blood loss and operative time were decreased in the percutaneous group, which may represent a potential benefit, particularly in the polytraumatized patient.
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